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FOR a long time the formation of the lymph was regarded as a simple
process of mechanical filtration out of the blood plasma into the lymph
spaces surrounding the capillaries. In his paper " Versuche und Fragen
zur Lehre der Lympbbildung'," Heidenhain first pointed out that if
the demands of various organs for specific substances are considered
in connection with the amount of lymph actually formed in the body,
we arrive at results which a theory of simple filtration fails to explain.
Thus he showed that on this theory, the CaO in the milk excreted
daily by a cow would require a daily formation of about 236 litres of
lymph in the mammary gland alone, an amount which is entirely out
of the question.

A plausible explanation of this and other similar facts is given by
diffusion, the substance required by each tissue diffusing from the
blood to the lymph; from which it is taken by the tissue, and so its
tension in the lymph is reduced practically to zero. According to
this view, every organ might, as Heidenhain suggests, be provided
with the required blood constituents in somewhat the same way as it
is with oxygen.

In his investigations Heidenhain sought to determine whether
such an explanation, plausible and possible as it seems, stands in accord
with the facts of experiment. His observations on the passage of
dissolved substances-sugar and sodium chloride, for example-from
the blood to the lymph revealed facts which seemed to contradict a
simple physical theory of lymph formation, and suggested that other

1 R. Heidenhain. Pfiuger's Archiv, XLIX. 1. 1891.
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factors assist in this process'. Thus, he found that the percentage of
sugar and sodium chloride in the lymph may rise above that in the
blood. Heidenhain, in consequence, formulated his secretion hypo-
thesis, the essential part of which is that the living capillary wall
exercises a motive power on the passage of substances from blood to
lymph. Of the hypothesis he says2: "Sie unterscheidet sich von der
Diffusionshypothese dadurch, dass letztere die Triebkraft fur den
Uebertritt geloster Substanzen aus dein Blute in die Lymphe lediglich
in quantitativen Unterschieden der chemischen Zusammensetzung
beider Fltissigkeiten sucht, wiihrend die Secretionshypothese die Trieb-
kraft von den lebenden Capillarwandungen ausgehen liisst."

This hypothesis does not exclude physical factors. H eidenbain
has pointed out that diffiusion undoubtedly occurs, and that the question
at issue is whether diffusion and filtration suffice to explain all the
phenomena of the formation of lymph. (Op. cit. p. 14.)

Recently W. Cohnstein3 has advocated a purely physical theory
of lymph formation, in which filtration and diffusion are the important
factors; and he has attempted to show that the observations of
Heidenhain already referred to can be entirely explained by such
a theory. Cohnstein's earlier observations have already been dis-
cussed in part by Heidenhain .

As "transudation" Cohnstein designates the changes that take
-place when one fluid flows under pressure through a tube of animal
membrane which is immersed in a different fluid. That which passes
from the interior of the tube through into the external fluid he terms
a "transudate." Two factors are obviously instrumental in the for-
mation of the transudate: (1) filtration, due to a difference of pressure
between the internal and external fluids, and (2) diffusion, due to the
difference between the latter in chemical composition.

In his experiments Cohnstein notes that the calculated con-
centration of a transudate increases with the pressure under which the
external fluid exists. He found in experiments with animal membranes
that it was possible by raising the external pressure to make the
concentration of the transudate 18 times that of the original fluid.

1 Cf. Heidenhain. Verhandl. des X. internationalen medic. Congresses zu Berlin, ii.
(Abth. ii.), 60.

2 Heidenhain. Pfluiger's Archiv, XLIX. 14. 1891.
3 Cohnstein. Virchow's Archiv, cxxxv. 514. 1894; also Pftuiger's Archiv, LIX. 350.

1895; ibid. 508; ibid. LX. 291. 1895; ibid. LXII. 58. 1895.
4 Heidenhain. PfiUger's Archiv, LVI. 632. 1894,
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He argues that the fluid external to the capillaries exerts a pressure
upon them and that in consequence, the percentage of any given
substance in the transudate will be greater than in the blood itself,
and thus a small quantity of fluid can transport a large quantity of
crystalloidal substances.

Applying this argument to Heidenhain's statement mentioned
above, with regard to the CaO in cow's milk, Cohnstein assumes
a tenfold or higher concentration of the "parenchyma fluid" formed
from the blood plasma, so that 23 6 litres of lymph or less would be
sufficient to supply the CaO in the day's milk, an amount below that
of the milk which a cow may yield in a day.

Heid enhain has already pointed out the error of the above line
of reasoning, viz., that the element of time is not taken into account.
The requiirements of the organs must be satisfied within a definite
period. I should not take occasion to discuss these statements again,
had not Cohnstein failed in his later papers to appreciate the ob-
jections. He states' that he has specially indicated in his experiments
"that the absolute amount of solid substance transferred in unit of
time decreases with increasing external pressure." This he considers as
exactly the same as saying-in accordance with Heidenhain's objection
-" that the time required for the transference of equal quantities of
solid substance decreases2 with increasing external pressure." The second
sentence does not express the same idea as the first, but rather the
very opposite. Heidenhain did not emphasize the statement that
the time required for the transport of equal quantities of substance
decreases with the increase of external pressure (as is stated above),
but noted that the time necessarily increases. It might be assumed
that a typographical error had crept into the second sentence quoted
above; but on page 360 Cohnstein adds, that by assuming a suif-
ficiently high concentration for the " transudate " of the mammary
glands, the daily requirements of the latter might be satisfied .by a
process of " transudation" (as distinguished from filtration). He fails
to appreciate that the percentage composition of his "transudate" is
no index of the absolute amount of solids afforded. If the external
pressure were sufficiently raised, it would be possible to reach a point
where the amount of water "transuding" would be equal to zero; the
concentration of the transudate would equal oo. But the absolute
amount of the transudate is proportional to the amount of the latter

I Pfluiger's Archiv, LIx. 359. 1895.
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that has diffused, and it is obvious that it must be less under the
conditions just mentioned, than when an additional part of the fluid
is obtained by filtration. The greater the external pressure, the longer
the time required to obtain a definite quantity of substance.

There remains to be considered a further fundamental objection
to an explanation of the lymph formation on a purely physical basis,
viz., the observations of Heidenhain that after injection of sugar or
NaCl into the circulation, these substances are regularly found in
greater percentages in the lymph than in the blood plasma from which
it is derived. It is difficult to explain how a substance can be trans-
ported from a less concentrated solution (blood) to a more concentrated
one (lymph) by a process of filtration and diffusion alone. Cohnstein
has shown' that it cannot be due to a possible greater concentration of
the salts in the blood of the portal circulation-which Starling regards
as the chief source of the lymph flowing from the thoracic duct-and
he has repeated the experiments of Heidenhain on dogs. The obser-
vations agree, in general, with those of the latter investigator; but
the interpretation given to them by Cohnstein leads me to further
criticism, inasmuch as the questions raised have a direct bearing upon
my own experiments.

The lymph which flows from the thoracic duct at a given moment
is obviously derived from the blood at some previous moment. Several
minutes may intervene from the time of injecting a readily detectable
substance directly into the circulation until it appears in the lymph,
and Coh nstein properly observes that it is incorrect to compare
the composition of a given portion of lymph with that of blood collected
at the same moment. Given a series of analyses of blood and lymph,
Cobnstein suggests a method of comparing the data. He assumes that
the lymph which has the highest percentage of e.g. NaCl will be
obtained from the blood which has the highest percentage of NaCI,
and he thinks that the lymph of maximal percentage is comparable
with the blood of maximal percentage2.

But since the constituents of the lymph are derived from the blood,
it is evident that the latter must yield a portion of its NaCl to the
former, in order to bring the lymph to its NaCI-maximum. At the
moment that the lymph of maximal NaCl-concentration is formed, it
is unavoidable that the blood should already have experienced its
maximal percentage of NaCI. It is therefore by no means justifiable

I Pfluiger's Archiv, LIX. 377. 1895.
2 Pfiuiger's Archiv, LIX. 511. 1895.
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to compare the maximal NaCl-content of the blood and lymph, on the
assumption that the one is derived from the other at a given moment.

Heidenhain's comparisons of the composition of blood and lymph
were based upon equal weights of those fluids. Cohnstein has very
properly called attention to the fact that inasmuch as the total solids
of blood serum and lymph serum are unequal, it is necessary to
compare the volume percentages for a given substance contained in
these fluids. He has calculated the approximate volume percentages
for Heidenhain's experiments; the differences between the maximal
NaCl-percentages of lymph and blood serum become reduiced, but by
no means disappear.

Let us turn to the results obtained by Cohnstein after infusion
of NaCl and sugar solutions into the blood. In three of six experi-
ments with NaCl and in an equial proportion of sugar experinments,
Cohnstein found the "concentration maximum" of the lymph as high
as, or even higher than that of the blood or blood serum. Moreover,
in every one of the experiments recorded, without exception, the per-
centage of sugar (or NaCl) in the lymph remains greater-in some
instances markedly greater-than that of the blood, from a certain
period to the end of the experiment. In other words, the curve
representing the sugar or NaCl content of the lymph remains per-
manently above that of the blood (or blood serum) after a certain time.
The following figures from one of the sugar experiments will further
illustrate this.

Exp. VI.' Bitch. Weight 22-5 kilos. 12h.13-26I; infusion 70gr.grape
sugar.

Glycose in water 0/0 Glycose in water 0/0

Time Blood Lymph Time Blood Lymph
12.10 0-128 12.35 1-295
12.21 0 497 12.39 0-604
12.24-5 1V502 12.40 1-185
12.25-5- 1-524 12.44 1-194
12.26 0-870 12.48 1-061
12.28 1-581 12.50 0-566
12.30 1-141 12.51 1-149
12.31 1-471

How are these figures to be explained by the transudation hypo-
thesis? Why does not the sugar return to the lymph by diffusion?
Cohn stein suggests in another connection that since the paths taken

I Pfluiger's Archiv, LXII. 65. 1895.
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by the lymph from various organs to the thoracic duct are of different
lengths, the lymph flowing from the duct represents a mixture of
lymph portions formed at different times and therefore of unlike
concentration. Thus, after NaCl infusion, the brief maximal con-
centration of the blood causes an increase of NaCl in the lymph, which
lasts a relatively long time'. In reference to this it is to be noted
that in the majority of Cohnstein's curves the content of the injected
substance in the lymph is at the end of the experiment as great as,
or greater than that of the blood half-an-hour before. It is scarcely
to be assumed that so long an interval should have intervened between
the production of the lymph and its discharge from the duct.

As to the time which elapses after the injection of various sub-
stances into the circulation until they make their appearance in the
lymph of the thoracic duct, Cohnstein has found four or five minutes
to intervene after injection of potassium- or sodium ferrocyanide
solutions. For small quantities of sodium iodide I have observed
even longer periods; for sodium salicylicate Tschirwinskil has found
from four to seven minutes. In the experiment selected above,
the sugar maximum of the lymph (1P581 p.c.) was attained within
24 minutes after that of the blood (1 524 p.c.). We may therefore
assume that the lymph maximum was formed at a time even before
the blood had reached its maximal percentage, i.e., the 1x581 p.c. sugar
(lymph) are formed from blood having a content of less than 1-524 p.c.
sugar.

I believe we are justified, therefore, in saying that the facts and
arguments are inadequate to explain all the phenomena attending the
lymph formation, on the basis of filtration and diffusion (transudation).
In the following I shall report the results of some experiments carried
out in Professor Heidenhain's laboratory, which are in part a con-
tinuation of his former investigations on lymph formation. I have
studied the distribution of sodium iodide in the blood and lymph after
injection of this salt into the circulation. Heidenhain has shown
that sodium iodide belongs to the lymphagogues of the second class,
and that these substances have an effect proportional to their osmotic
pressures. Given the same quantity of NaCl and NaI, the latter will
have the less pronounced lymphagogue effect. Sodium iodide, which
L. Asher' has alieady employed in similar experiments, especially

1 Pfluiger's Archiv, LX. 294. 1895.
2 Centralblattf. Physiol. ix. 51. 1895.
8 Zeitschr. f. Biologie, xxix. 247. 1892.
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recommended itself because it is a salt not already present in the body
and can be employed without immediately fatal results. For deter-
mining the NaI, the following method was adopted after a trial of
several others; 10 c.cm. of the given fluid are freed from albuminous
matter by the sodium acetate and ferric chloride procedure, and the
resulting precipitate is thoroughly extracted with hot water. The
filtrates are concentrated to a definite volume and the iodine content
determined by titration of weak palladium-HCl solution'.

The general method of the experiments was the same as that
employed by Heidenhain2 and others. Dogs which had gone without
food at least 24 hours were used exclusively. Lymph was collected
from the thoracic duct and blood from the left crural artery. The
lymphagogue was allowed to flow into the right facial vein from a
burette. Protocols follow:

ExP. I. 2. vii. 1895. Dog of 15 kilos. 9h.21-29'; infusion of 37-5 c.cm.
solution containing 30 0 grams Nal = 2 grams NaI per kilo body weight. The
iodine reaction' is obtained in the lymph, 9h.25-26'.

Lymph serum4 Blood serum

Amount of Iodine5 Iodine5
Time lymph col- (volume per Time (volume per cent.)

lected. c.cm. cent.)

9.29-5-33 10 0-416 9.30 0-632
9.33 39*5 20 0-588 9.40 0-466
9.3955-43 10 0573 9.50 0399
9.43 49*5 10 0-546 10.10 0371
9.49 5-59 5 12 0-468 10.30 0373
9.59.5-10.9.5 9 0-465 10.53 0 335

10.9.5 -19.5 6-7 0-401
10.19 5-29-5 5 -
10.29-5-51 10 0-376
10.51 -11.15 6 0 347

1 Modified after N eubauer u. Vogel. Harnanaly8e, 440.
2 P.fluiger's Archiv, XLIX. 78, et seq. 1891.
3 After removal of proteids by precipitation with alcohol, and evaporation of latter.
4 After NaI injection, the lymph invariably grows faintly red after a time. This is

also the case with other lymphagogues.
5 The figures for NaI can readily be obtained from these by calculation.

16-2
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Exp. II. 9. vii. 1895. Bitch of 17-65 kilos. 9h.47f456j'; infusion of
17 6 c.cm. solution containing 17 6 grams NaI = 1 gram NaI per kilo body
weight. The iodine reaction is obtained in the lymph, 9h52.5-53.5'.

Lymph serum Blood serum

Amount of Iodine Iodine
Time lymph col- (volume per Time (volume per cent.)lected. c.cm. cent.)

9.55 -10.5 12 0332 9.57j 0-425
10.5 -13 12-5 0-363 10.8 0-313
10.13 -23-5 13 0 355 10.28 0-235
10.23-5-37-5 13 0-265 10.48 0-238
10.37-5-58 13-5 0-254 11.8 0-211
10.58 -11.25 13 0'214

Exp. III. 19. vii. 1895. Dog of 16-5 kilos. 9h.23-28'; infusion of
25 c.cm. solution containing 25 grams NaI = 1l grams NaI per kilo body
weight. The iodine reaction is obtained in the lymph, 9h.27-28'.

Lymph serum Blood serum

Amount of Iodine Iodine
Time lymph col- (volume per Time (volume per cent.)

lected. c.cm. cent.)

9.29-34 13 0 477 9.29 0-523
9.34-40 13 0-491 9.34 0-425
9.40-47 13 0 437 9.54 0 344
9.47-54 13 0 393 10.14 0-289
9.54--10.3 13 0 355 10.34 0-253

10.3 -14 13 0-355
10.14-37 17 0-277

Exp. IV. 25. vii. 1895. Dog of 19-2 kilos. 1oh.4-45S5'; infusion of
39 c.cm. solution containing 39 grams NaI = about 2 grams Nal per kilo body
weight. There was a pause of one minute at 10h.24' before taking blood.
The iodine reaction is obtained in the lymph, IOh.1 _1',
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Lymph serum Blood serum

Amount of Iodine
Time lymph col- (volume per Time (volume per cent.)lected. c.cm. cent.) (oueprcn.

10.12 -17-5 12-5 0-160 10.25 0-323
10.17-5-25 13-5 0-232 10.46-5 0 477
10.25 -32 13-5 0-313 11.6'5 0-358
10.32 -38-5 13-5 0-358 11.26-5 0-280
10.38-5-44 13-5 0-425
10.44 -50 13-5 0-462
10.50 -55.5 13-5 0'507
10.55-5-11.13 27-0 0-456
11.13 -11.30 13-5 0-385

Exp. V. 1. x. 1895. Dog of 17-2 kilos. 9h.29-57.5'; infusion of
25 c.cm. solution containing 25 grams NaI = about 1 grams per kilo body
weight. There was a pause from 9h.48' to 9h.49.5' before taking blood. The
iodine reaction is obtained in the lymph, 9h.35-37'.

Lymph serum Blood'

Amount of Iodine
Time lymph col- (volume per Time Iodine

lected. c.cm. cent.) (volume per cent.)

9.37 -49 13 0-270 9.49 0 400
9.49 -58-5 13 0-388 9.58-5 0.443
9.58-5-10.11 13 0 470 10.11 0 347

10.11 -35 13 0 409 10.35 0-296
10.35 -11.5 13 0-332

In considering the data presented in the protocols above it is to
be remembered that according to Heidenhain's theory injected sub-
stances pass from the blood to the lymph by diffusion, but that this
process is assisted by the activity of the endothelial cells of the

1 In this experiment the iodine determinations were made with defibrinated blood.
Comparative determinations of the latter and serum from the same sample, in one case,
gave results obviously somewhat higher for the serum, yet below that of the corresponding
lymph serum.
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capillaries'. Diffusion will be the more prominent-and "secretion"
the less pronounced-the higher the endosmotic tension of the NaI in
the blood becomes. The more and quicker NaI is injected, the higher
the endosmotic tension. When, on the other hand, the latter is lower,
e.g. after slow injection, diffusion does not take place so energetically

1 Cf. above, p. 228, note 1. Also Pfluiger's Archiv, XLIX. 66. 1891. " Der Uebertritt des
Zuckers aus dem Blute in die Lymphe ist nicht bloss der Diffusion iuberlassen, sondern wird
durch eine secretorische Thiitigkeit der Capillarwand unterstutzt, welche die Schnelligkeit
der Entfernung aus dem Blute und das Maass seiner Anhiiufung in der Lymphe uber
die durch die physikalische Diffusion moglichen Grenzen hinaus steigert."
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and the co'operation of the capillary walls becomes more evident.
This is shown in the diagrams figured above. The abscissas represent
time, and the ordinates percentages of iodine found. The time of the
infusion is marked by the broadening of the abscissa line. The points
of the lymph curves-which are represented as dotted lines in dis-
tinction from the blood curves-have been taken at a time midway
between the beginning and the end of the period during which each
portion was collected. The first blood portion was withdrawn about
one minuite after the end of the infusion, thus giving the NaI an
opportunity to become equally diffused throughout the circulation.
Whenever blood was collected during the period of infusion, the latter
was interrupted at least one minute prior to the taking of the blood'.

Diagrams I. II. and III. correspond in general features with those
obtained by Heidenhain and by Cohnstein. The observations
extend over a longer time, however, and accordingly only the earlier
portions of the curves can be compared. Experiments IV. and V. differ
from the rest in that the lymphagogue was infused very slowly; the
lymph maximum rises above that of the blood, and the lymph curve
remains considerably higher above the blood curve than in the other
experiments. In Experiments I. II. and III. the sodium iodide was
infused with comparative rapidity into the circulation. The osmotic
tension of this salt was thereby considerably increased. Accordingly
-as explained above-the results approach those which would be
expected to follow purely physical processes. Especially after the
earlier periods of the experiments, the results obtained might be
explained by simple diffusion'. On the other hand, in the experiments

1 In similar experiments of Cohn st ein (loc. cit.) the blood in which the maximal sugar
or NaCl content was determined, was collected before, or immediately at the end of the in-
jection. A portion of blood thus obtained from an artery, especially after rapid injection of
considerable quantities of substance, cannot represent the actual composition of the blood
in the capillaries; for it contains the injected substances in a higher concentration, i.e. the
salt injected into a vein will have passed through the lungs only and not the capillaries of
the other tissues, if the blood is withdrawn from an artery during the infusion. Thus in
his Experiment V. (Pfluiger's Archiv, LXII. 64) 41 grams of glucose were injected into a dog
of 15 kilos, 5 h. 10-13', i.e. in three minutes. At 5 h. 12-5', i.e. before the end of the rapid
injection, the sugar content of the blood withdrawn was 1 516 @/0, while one minute after
the end it was 1-481 0/o.

2 Heidenhain has reported two experiments (Pfluiger's Archiv, xux. Figs. xii. and
xiII.) and Cohnstein one (Pfliger's Archiv, LIX. 522, exp. 1) in which NaCl was infused
after ligation of the renal blood vessels. In suach experiments the conditions are especially
favourable for diffusion, since the osmotic tension of the injected salt in the blood is
artificially kept high. I have carried out four experiments in which the kidney secretion
was interrupted. In one of these-in which the entire kidneys were ligated-the results
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in which the NaI was slowly injected, and in which, therefore, conditions
less favourable for diffusion existed, the lymph was richer in the salt
injected than the blood, or blood serum. Even if the lymph curves
were so drawn that the maximal points become suiperimposed on those
of the blood curves-and the maxima thus compared in Cohnstein's
sense-the lymph curve remains above that of the blood. It is more-
over to be remembered that the actual lymph maxima are even higher
than indicated by the analytical data, since the determinations of NaI
were made in portions of lymph collected during several minutes. The
figures must therefore represent averages somewhat below the actual
maximum occurring at a definite moment. Similar curves to the
above were obtained by Heidenhain after slow injection of sugar',
and in the single experiment of Cohnstein2 in which the injection
of sugar was somewhat slow, his results approach those of Heidenhain
and myself. They are not to be explained by a simple hypothesis of
filtration and diffusion3.

Starling has criticised the method of comparison employed by
Heidenhain. He says: "I would here merely point out that we
do not know bow far the composition of the lymph from the thoracic
duct represents that of the lymph as it is turned out from the vessels
into the tissue spaces. Its composition must in fact be determined to

were such as might be explained by simple diffusion, the NaI content of the blood serum
and lymph serum being about equal during the greater part of the experiment. In the
other three experiments, in which the renal arteries and veins were ligated, the NaI curves
for lymph and blood showed marked irregularities. For example, in one case the
percentage of I found in the blood serum fell from 0-456 0/0 to 0-296 0/0 and rose again to
0-4140/0, while in the lymph serum it gradually increased throughout the experiment; in
another, the blood curve showed the same peculiarity as the preceding, while the lymph
curve rose, and then soon fell below that of the blood; in a third, the lymph curve
alternately rose above and then fell below that for the blood. Analyses showed that these
unexpected variations were not due to changes in the water content of the blood and
lymph, and I am unable as yet to explain the results. The experiments seem to indicate
that the ligation of the renal blood vessels may have other effects-beside the immediate
suppression of the urinary secretion-upon the interchange between blood and lymph.
Further investigation is desirable.

1 Cf. for example, Fig. ii. loc. cit.
2 Cf. Pfuiiger's Archiv, LXII. 81, Exp. vi. No. 3. Figures from this experiment have

already been quoted above.
3 Hamburger (Zeitschr.f. Biologie, xxx. 143. 1893) also found that the composition

of the lymph of the horse varies under various conditions in a way that excludes the
filtration theory, when the lymph is compared with the blood serum of the same animal.
He has also given further objections to the transudation hypothesis (Du Bois-Reymond's
Archiv, 1895, 363). His work has however been criticised by Cohnstein, Pfluiger's
Archiv, LXII. 77. 1895; and by Leathes. This Journal, xix. 9. 1895.
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a great extent by the tissue-cells, and we cannot at once with certainty
deduce a secretory activity of the endothelial cells from differences
in the composition of the thoracic duct lymph and blood-plasma'.'
So far as this objection applies to my experiments I can think of but
two ways in which the lymph could experience an increase of its NaI
content in contact with the tissues, viz., (a) by obtaining NaI from the
tissues; (b) by giving up water to the latter. The former is excluded
because the tissues contain no NaI. The second possibility is in direct
contradiction to the observations of Heidenhain regarding the cha-
racter of the lymph produced after injection of lymphagogues of the
second class. He showed that the water does not arise from the blood,
but from the cells, fibres etc. of the tissues2.

In this connection it is interesting to note that normal lymph
has a higher content of NaCl and sugar than the blood
collected at the same time-a fact not in accord with the simple
transudation hypothesis. The following figures from Cohnstein will
illustrate this.

I. II.
NaCl' Serum of blood 061 0/o 056 0/o

Serum of lymph 067 063
VII. VIII.

Sugar4 Blood 0091 0/0 0117 0/0
Lymph 0140 0355

It is obviously impossible that the tissues should give up NaCl to
the lymph continuously, as their supply would soon be exhausted.

In conclusion then I do not agree with Cohnstein that the facts
brouight forward by Heidenhain against the 'transudation' hypothesis
can nevertheless be explained by it. The hypothesis does not explain
how the maximal content of a substance in the lymph can rise above
that of the blood serum, or why in these conditions there is not
diffusion in the reverse direction. At the same time there can be
no doubt that diffusion, as Heidenhain has repeatedly emphasized,
plays an important part in the formation of the lymph. The diffusion
and filtration processes fail, however, to acoount for all the phenomena.

I desire to thank Geheimrath Professor Dr. Heidenhain, at whose
suggestion I undertook these experiments, for advice and valuable
assistance, as well as for the privileges of his laboratory; and Professor
Dr. Rdhmann for kind suggestions.

1 Starling. This Journal, xvii. 46. 1894. 2 Heidenhain. Loc. cit. 55.
3 Cohnstein. Pftuge)'s Archiv, LX. 292 et seq. 4 Ibid. LXII. 66 et seq.
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